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Remarks 



L Claim status. 

Claims 1-13 and 23-25 are pending. With this response, claims 1-13 and 23-25 are 
canceled and claims 26-40 are newly added. No new matter has been added. 

Newly added claims are supported by the originally filed claims. In addition, claim 26 
finds support, for example, on page 7, lines 8-9, and on page 12, lines 6-8; claims 27, 36, 38 and 
40 find support, for example, at page 6, lines 11-15; and claim 36 finds further support, for 
example, on page 9, Table 1. Reconsideration of the claims, in view of the remarks that follow, 
is respectfully requested. 

The specification has been amended to correct a typographical error in Table 2. The 
chemical names in the second colunm have been corrected to correspond to the chemical 
structure indicated by the definitions of E*, E^, and R"^. The correct chemical name is obvious 
in view of the designation of E\ E^, R^ and R"^. Furthermore, the correct chemical names appear 
in Table 2 set forth in USSN 60/131527, to which this application claims priority. A copy of 
Table 2 from the priority appUcation is enclosed as Exhibit 1 for ease of reference. 

n. Rejection of the claims under 35 U.S.C. § 112, first paragraph. 

Claim 13 stands rejected under 35 U.S.C. § 1 12, first paragraph, as failing to comply with 
the enablement requirement as failing to show that claimed compounds are liquids at all 
temperatures less than 70°C. 
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Claim 6 stands rejected under 35 U.S.C. § 112, first paragraph, as failing to comply with 
the written description requirement as claim 6 does not require the alkali metal and amide ligand 
to be in the form of a compound. 

Newly added claims 26-40 do not include the objectionable claim language. The 
rejection may be withdrawn. 

in. Rejection under 35 U.S.C. § 112. second paragraph. 

Claims 2-5, 7-11 and 23-25 stand rejected under 35 U.S.C. § 1 12, second paragraph, as 
being indefinite for failure to particularly point out and distinctly claim the subject matter 
appUcant regards as the invention. The subscript "n" is considered unclear as to the nature of the 
chemical structure. Furthermore, claim 7 is considered indefinite for failing to define "M". 

Newly added claims 27, 36, 38 and 40 recite that "n is in the range of 1 to 3." It is 
submitted that the nature of association of multiple metal centers, particularly alkali metals, is 
well understood in the art. See, for example. Exhibit 2 (Lappert et al. "Structure and Reactivity 
of Sterically Hindered Lithium Amides and Their Diethyl Etherates: Crystal and Molecular 
Structures of [Li{N(SiMe3)2}(Oet2)]2 and [Li(NCMe2CH2CH2CH2Cme2)]4 ' J. Am. Chem. Soc. 
1983, 105, 302-304), which describes dimers and tetramers of Uthium amides. See also Exhibit 
3 (J.H. Gilchrist and D.B. CoUum, "Distinction of Synmietric Lithium Dialkylamide Dimers 
from Higher Oligomers by Inverse-Detected ^^N Homonuclear Zero-Quantum NMR 
Spectroscopy, J. Am. Chem. Soc. 1992, 114, 794-795), which describes dimer, trimers and 
higher oligomers of lithium alkylamides. Furthermore, the specification describes the bonding 
for "n" greater than 1, at page 6, lines 11-15: 
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The number n represents the degree of association of the molecules. Typical 
values of n were found to lie between two and three, corresponding to dimers and 
trimers. It is believed that these oligomers are attached together by bonds in 
which nitrogen atoms form bridges between metal atoms. 

Applicants submit that the term "n" as it is used in the specification and claims of the 
instant application is clear and definite. The rejection may be withdrawn. 

IV. Objection to the claims. 

Claim 1 is objected to as failing to further limit the subject matter of a previous claim. 
Amended claim 1 now recites that the "vapor of said compound is at a temperature of between 
about 150°C and 250°C." No such limitation is found in the newly added claims. The objection 
may now be withdrawn. 

V. Anticipation of the claims over Niecke. 

Claims 1 1-6, 8, 12-13 and 23-25 stand rejected as anticipated by Nieke et al. in Chimia 
(1986), 40(6), pages 202-205 ("Nieke"). Nieke identifies various lithium amide compounds for 
use as reagents in the formation of iminophosphanes. Specifically, Nieke discloses the 
compound LiN(SiMe2/Bu)2 (Nieke Article at page 203.^ Nieke also discloses LiN(SiMe3)R\ 
where R' is SiMea, SiMeatBu, CH2tBu, 1-adamantyl, 2,4,6-tBu3C6H2and 2,4,6-Me3C6H2. See 
Scheme I of Nieke at page 203. 

There is no teaching or suggestion in Nieke of a lithium amide compound that is a liquid 
at a temperature in the range of 20-70''C and forms a vapor at a temperature of between about 
150°C and 250**C, as recited in claim 26 and those dependent thereon. 

* The undersigned attorney thanks the examiner for indicating where in the Nieke reference the compound is 
identified. 
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Nieke discloses the use of lithium alkyl amides as bases in the fomiation of 
iminophosphane compounds. These reactions are carried out in solution at reduced 
temperatures. See Experimental Section of Nieke, at pages 204-205. There is no disclosure of a 
lithium alkyl amide liquid or vapor, as recited in claim 26. There is simply no evidence, explicit 
or inherent, that these compound are even capable of vaporization. Even if a compound was a 
liquid, it does not necessarily have a vapor pressure that provides a vapor at a temperature 
between 150°C and 250''C. Nor would there be any suggestion or reason to form a vapor of the 
compound, since Nieke discloses its use in solution at temperatures below O^C. Thus, Nieke 
does not anticipate or suggest the invention set forth in claims 26-35. 

Nieke also does not teach the liquid alkali metal amide as recited in claim 36, in which 
"the number of angular variables of the amide in excess of those present in the reference 
bis(trimethylsilyl)amine is greater than six." In particular, LiN(SiMe2/Bu)2 has an angular 
variable of 2, and LiN(SiMe3)R\ where R' is SiMea, SiMeatBu, and CH2tBu, have angular 
variables of 0, 1, and 1, respectively. A higher number of angular variables is associated with a 
greater ability to form liquid alkali metal amides at room temperature. See, Specification at page 
10, lines 4-8. Nieke does not suggest the desirability of liquid alkali metal amides and thus does 
not suggest an alkali metal amide with a number of angular variables greater than 6. 

Lastly, Nieke does not disclose any of the alkali metal amide compounds explicitly 
disclosed in claims 38, 39 and 40. Note that the proviso of claim 38 specifically excludes those 
compounds disclosed in Nieke. Furthermore, Nieke does not suggest the desirability of liquid 
alkali metal amides, and thus does not suggest an alkali metal amide having the recited structures 
that are selected to provide liquids at temperatures in the range of 20-70°C. 
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For the foregoing reasons, Nieke does not anticipate (or render non-obvious) any of 
claims 26-40. 

VL Anticipation of the claims over Kopka. 

Claims 1-8, 13 and 23-25 stand rejected as anticipated by Kopka et al. in Chemical 
Abstract Ascension Number 1986:571530 HCAPLUS ("Kopka Abstract"). The Abstract refers 
to an article by Kopka et al. Synthetic Comm. (1986), 16(1), pages 27-34 ("Kopka"). A copy of 
the Kopka article is included with this response as Exhibit 4. 

In a telephone conversation on June 1, 2005, Examiner Anthony explained that the 
relevant portions of the Kopka Abstract had not been sent with the Office Action and that the 
teaching of the Kopka Abstract was not properly identified in the Office Action. The missing 
portions of the Kopka Abstract were supplied to the undersigned on June 1, 2005, with the 
understanding that the reference is relevant for disclosing the lithium amide, LiN(CMe2Et)2. 

Kopka identifies various lithium amide compounds for use as reagents in the 
dehydrohalogenation of 2-halobutanes. Specifically, Kopka discloses LiNR2, where R is Et, /-Pr, 
2,2,6,6-tetramethylpiperidine, EtMeaC and EtsC. See Table I of Kopka at page 30. 

There is no teaching or suggestion in Kopka of a lithium amide compound that is a liquid 
at a temperature in the range of 20-70''C and forms a vapor at a temperature of between about 
150°C and 250°C, as recited in claim 26 and those dependent thereon. 

Kopka discloses the use of lithium alkyl amides as bases in the dehydrohalogenation of 2- 
halobutanes. These reactions are carried out in solution at reduced temperatures. See Table I of 
Kopka, at page 30. There is no disclosure of a lithium alkyl amide liquid or vapor, as recited in 
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claim 26. There is simply no evidence, explicit or inherent, that these compound are even 
capable of vaporization. Even if the disclosed compounds were a liquid, they do not inherently 
or necessarily form a vapor at a temperature between about ISO^'C and 250''C. For example, the 
compounds could decompose before reaching the recited temperature range. Nor would there be 
any suggestion or reason to provide a vapor of the compound, since Kopka discloses its use in 
solution at temperatures at 0°C. Thus, Kopka does not anticipate or suggest the invention set 
forth in claims 26-35. 

Kopka also does not teach the liquid alkali metal amide as recited in claim 36, in which 
"the number of angular variables of the amide in excess of those present in the reference 
bis(trimethylsilyl)amine is greater than six." In particular, LiNRa, where R is Et, /-Pr, EtMeaC 
and EtaC, have angular variables of 0, 0, 2 and 6, respectively. A higher number of angular 
variables is associated with a greater ability to form liquid alkali metal amides at room 
temperature. See, Specification at page 10, lines 4-8. Kopka does not suggest the desirability of 
liquid alkali metal amides and thus does not suggest an alkali metal amide having a number of 
angular variables greater than 6. 

Lastly, Kopka does not disclose any of the liquid alkali metal amide compounds 
disclosed in claims 38, 39 and 40. Note that the proviso of claim 38 specifically excludes those 
compounds disclosed in Kopka. Furthermore, Kopka does not suggest the desirability of liquid 
alkali metal amides and thus does not suggest an alkali metal amide having the recited structures 
that are selected to provide liquids at temperatures in the range of 20-70°C. 

For the foregoing reasons, Kopka does not anticipate (or render non-obvious) any of 
claims 26-40. 
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Vn. Anticipation of the claims over Koslev. 

Claims 1-5, 8, 12-13 and 23-25 stand rejected as anticipated by Kosley et al. in US. 
Patent No. 5,145,855 ("Kosley"). Kosley is relied upon to teach the lithium, potassium and 
sodium salts of bis(triethylsilyl)amide, MN(SiEt3)2. 

As was the case for Nieke and Kopka, there is no teaching or suggestion in Kosley of a 
lithium amide compound that is a liquid at a temperature in the range of 20-70''C and that forms 
a vapor at a temperature in the range of 150X and 250*'C, as recited in claim 26 and those 
dependent thereon. 

Kosley discloses the use of alkali metal bis(loweralkylsilyl) amides as bases in the 
formation of alkali metal alkoxides. These reactions are carried out in solution. Col. 8, 1. 39-43. 
There is no disclosure of a lithium alkyl amide liquid or vapory as recited in claim 26. There is 
simply no evidence, explicit or inherent, that these compound are even capable of vaporization. 
Even if the disclosed compounds were a liquid, they do not inherently or necessarily form a 
vapor at a temperature between about 150*^C and 250*'C. For example, the compounds could 
decompose before reaching the recited temperature range. Thus, Kopka does not anticipate or 
suggest the invention set forth in claims 26-35. 

Kosley also does not teach the liquid alkali metal amide as recited in claim 36, in which 
"the number of angular variables of the amide in excess of those present in the reference 
bis(trimethylsilyl)amine is greater than six." In particular, LiN(SiEt3) has an angular variable of 
6. A higher number of angular variables is associated with a greater ability to form liquid alkali 
metal amides at room temperature. See, Specification at page 10, lines 4-8. Thus, Kosley does 
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not suggest the desirability of liquid alkali metal amides and thus does not suggest an alkali 
metal amide having a number of angular variables greater than 6. 

Lastly, Kosley does not disclose any of the liquid alkali metal amide compounds 
disclosed in claims 38, 39 and 40. Note that the proviso of claim 40 specifically excludes those 
compounds disclosed in Kosley. Furthermore, Kosley does not suggest the desirability of a 
liquid alkali metal amides and thus does not suggest an alkali metal amide having the recited 
structures that are selected to provide liquids at temperatures in the range of 20-70°C. 

For the foregoing reasons, Kosley does not anticipate (or render non-obvious) any of 
claims 26-40. 

rV. Obviousness rejection. 

Claims 7 and 9-11 stand rejected under 35 U.S.C. § 103(a) as being unpatentable over 
Nieke. Claims 9-1 1 stand under 35 U.S.C. § 103(a) as being unpatentable over Kopka or 
Kosley. While acknowledging that there is no disclosure in the prior art of the features recited in 
claims 7, 9, 10 and 1 1 (the elements are found in claims 39, 32, 33 and 34, respectively), the 
Office Action asserts that these features would nonetheless have been obvious variations of the 
compounds disclosed in the cited references. See Paragraphs 12-13 of Office Action dated 
December 10, 2004 at pages 6-7. Applicants respectfully disagree. 

The Nieke, Kopka and Kosley references disclose specific alkali metal amides as bases 
for specific organic reactions. The suggestion to modify the prior art disclosure must be found 
within the prior art, and not within the claimed invention. There is no suggestion in any of the 
cited references to provide alkali metal amides, as recited in claim 26, or to prepare alkali metal 
amides having torsional variables greater than 6 as recited in claim 36. The features of the 
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claimed invention relate to volatile liquid alkali metal amides. Nothing in the cited art teaches or 
suggests such compounds. 

Most certainly, there is no teaching or suggestion of the specific compounds recited in 
claims 38, 39 and 40. These compounds have been made, tested and demonstrated to be liquids 
at 20°C. As noted in the instant specification, such volatile compounds are useful as precursors 
in the vapor deposition of films that contain an alkali metal. There is no guidance or suggestion 
in any of the prior art references directed to modify the basic alkali metal amides disclosed 
therein so as to obtain an alkali metal amide that is a liquid at room temperature, much less to 
prepare the specific compounds recited in claims 38, 39 and 40. 

For the foregoing reasons, the Nieke, Kopka and Kosley do not render any of claims 26- 
40 obvious. 

Deposit Account Authorization 

Applicants hereby request that the period for responding to the outstanding Office Action 
be extended for three months' time. The Commissioner is hereby authorized to charge the 
required fee of $510.00 for filing the request for extension of time to our Deposit Account No. 
08-0219. 
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No Other fees are believed to be due with this response. However, please charge any 
additional fees or credit any overpayments to Deposit Account No. 08-0219 . 



Wilmer Cutler Pickering Hale and Dorr LLP 

60 State Street 
Boston, MA 02109 
Tel: (617) 526-6015 
Fax: (617) 526-5000 



Respectfully submitted, 





Mary Rose Scozzafava, Ph.D. 
Reg. No. 36,268 



USlDOCS5131854vl 
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Exhibit 1 I 

i 

I 

I 
I 

Other bis(trialkylsilyl)amines were made in a similar manner, by 
substituting other trialkylchlorosilanes for n-propyldimethylchlorosilane. 

Example 2. Lithium bis(n-propyldimethylsilyl)amide was prepared by 
the slow addition via syringe of a hexane solution of butyl lithium (1 1 .7 mL of 
5 2.73 M solution, 3 L9 mmol) to a stirred hexane solution (75 mL) of bis(n- 

propyldimethylsilyl)amine (6.93 g, 3L9 mmol) at room temperature. Stirring was 
continued for several hours and the solution was then refluxed for one hour. The 
hexane was evaporated under vacuum, leaving 5.8 g of a pale yellow liquid. It was 
distilled at a temperature of 130 °C and a pressure of 0.15 torr to yield 5.25 g 
10 (74%) of clear liquid lithium bis(n-propyldimethylsilyl)amide. Its viscosity was 
measured to be 23.3 centipoise at 40 °C. 

Examples 3-12, Similar methods were used to prepare other distillable 
liquid lithium compounds having the properties listed in Table 2. 



Table 2. Liquid lithium amides 



No. 


Lithium salt 


e' 




r' 




Viscosity 
(centipoise 
@40°C) 


Vapor 
Pressure 
(•C/Torr) 


2 


bis(n-propyldimethylsilyl)amide 


Si 


Si 


n-Pr 


n-Pr 


23.3 


130/0.15 


3 


bis(n-butyldimethylsilyl)amide 


Si 


Si 


n-Bu 


n-Bu 


22.4 


145/0.085 


4 


bis(i-butyldimethylsilyl)ainide 


Si 


Si 


i-Bu 


i-Bu 


32.9 


145/0.05 


5 


bis(3,3-dimethylbutyldimethylsilyl)amide 


Si 


Si 


Z' 


Z' 


247 


225/0.9 


6 


bis(n-hexyldimethylsilyl)amide 


Si 


Si 


n-Hex 


n-Hex 


26 




7 


bis(n-octyldimethylsiiyl)amide 


Si 


Si 


n-Oct 


n-Oct 


45 




8 


tert-amyl(triethylsilyl)amide 


C 


Si 


Et 


Z' 


162 


157/0.095 


9 


tert-amyl(n-butyldimethylsilyl)amide 


C 


Si 


Et 


n-Bu 


368 


158/0.2 


10 


tert-amyl(i-butyldimethylsilyl)ainide 


C 


Si 


Et 


i-Bu 


497 


145/0.1 


11 


tert-amyl(n-propyldimethylsilyl)ainide 


C 


Si 


Et 


n-Pr 


810 


171/0.3 


12 


tert-amyl(i-propyldimethylsilyl)aniide 


C 


Si 


Et 


i-Pr 


409 


137/0.2 



Z'= (CH2)2C(CH3)3 ; Z^ = R^R^R* = Et 
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difTcrqnt figm thoM of the native protein, 

reaction of ajRuHjO^'*' with sperm wha]c myo^tlobin was 
' to proceed for 24 h under anaerobic conditions at pH 7, 
Ru-labclcd proicin was then oxidized and purifLcd by 
&taiid4d procedures, to g^e Ru^Mb. ^ ' Absences of the imidazole 
resonajQCcs bf Hi6'12, His-8l, and His-113 in the 
NMR spectrum of Ru,Mb pinpoint those residues as 
of attachment bf the ajRu^"*" groups (Figure 
three attached ajRu^^ group9 do not appear strongly to 
i the Mb confoni!iation» as judged by comparative mea- 
aurem9nts of electronic knd vibrational flpectra. The ability of 
in Ru^Mb to bjnd anions* however, is etihanced greatly 
of the native ;protein. Cyanide^ for example, binds 
both to the Fd"* and Fe° forma of RusMb.^^ The 
electnjstatic influence oif the three asRu^* groups is likely tt- 
lo for this impressive change in anion af^nlty, as it is for 
high pi value (:~9,2) for RujMb. 
reduction of b|y a variety of organic substrates is cat- 
quite effectively by RuiMb, Good substrates for this " 
synthetic oxidation-red^ction enzyme*^ include ascorbate and 
durohjidroqulnonc, Coiparisons of reactivity parameters {K,^, 
several substratesiwth a^RuIm**, RUjapoMb, and Ru3^ 
that the present of a dioxygen binding site in RujMb 
greati)] enhances the bas^ line turnover rate, of an a$RvIm^'^«typ6 
Ic system (Table In view of the proximity of His-113 
beme (Figure 2), itj is likely that ajRu(His-l 1 3p transfer 
an de^ron rapidly to tb6 hotno-ndioxygcn complex.'^ thereby 
some fbim of htm^bound penndde intermediate (whose 
may prove td be the rate-limiting step). Clearly, our 
nary work has established that RujMb U an Interesting 
catalytic systcxxi that deserves detailed mechanistic ex- 
amination. 



Ad^owledgmant. We thank Gary Campbell and Walther £tlis 
assistance with certain spearoscopic measurements, and wc 
indebted to Joan ^helton. Roger Sbelton. and Walter 
for performlnl th&.tryptic hydrolysea. This research 
lujjported by Natioi^al Science Foundation Grant CHE80- 
FcUowship 8upp<jrt (R.M.) from Martin Marietta Corp, 
^wledged. NM^L experiments were pcrfonnod at the 
Southejrn California Regional NMR Facility supported by Na- 
tional Science Foundation Grant CHE79- 16324. 
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Regiitry No. Cyanide, 57-U-5; oxygen, 7782-44-7; a$corbic add, 
50-81-7 durohydroq iiinoDA,; 527' 18-4; hydfoquinone, 123^31-9; [Ru(N- 
H3)3H2i >HPF|] 1,34843- J SjO. 



<ll) the feactloa betwetdi tRu(NHi)jHjO](PFo)a (40-fold excess) and 



lale myoglobin (Type! II, Si^ma) at room tfimponituro (pH 7.3; 0.03 



M TriS'lICi) was tcnninatedjby applying t^A solntion to a S«phadex G-2S 
OOluxnn. The RujMb samplejwa) oxldl£ed by Co(phen),(ClO0i and then 
scparete I from imreacted Mbiby using a CM-j2 cajhmA (linear gradient of 
NaCJ in 50 mM TriS'HCli pK 7«3). RujMb was characterized. by isoelectric 
focusing on LKB amphollne vM p]atBS (pH raoge 3.5-9.5; native Mb, pH 
'->'7: RU] Mb» pH ~9.2); tbs Ru'Mb ratb wsi» detemniscd to be 3:1 (^3%) 
by empk ying (i«Rii(NHj)jd]CU to pfepm »"Rtt(NH,),HjsO»* snd ana- 
lyzing 'Ru in tb9 protfitn d^v^tive. 

(12) ' lie imidafole C-2 prqtcn tee^nmices in native ipcnn whale Mb have 
been bmI ;ned (Botelho, L. RrPrisnd, S. Matthew, h Lebman« L. D.; 
HaA«Qi«^ G. L H.; Gurd. RiR. N. Bioth^mlsiry 197$, 17, $197-5205). 

(IS) 1 loUtlcm of the His-Sb- and His-lU-coalaining tryptte peptide of 
RusMb I kas eonAnned tfaoie two B;Ru'^ attachment ritsSf but tne His* 12- 
eontainii g peptlda has eludeji characterization, owing in part to Its poor 
Mriul^Ijt) properties (SheHoa^ J. B.t Shdioiv J. R.; Scbroeder, W. E., un- 
pblishcd Ksultfl). However, t|he pre«enpc of an a]Ra(Hla-12)^''' utfH may be 
inferred from our observation that the fHoorescence of nearby tryptophani 
(Trp-?, ' Vp-U) in apoMb it ^trongly quenched in RutapoMb. 

(14) ^ 'cry concentrated ^yoiiide solutinis ([CN-] 1 M; [Mb] '> 40 vM) 
arc requi ttd for >$S% Jforniftiion of the Mb(Fe^">(CN-) cotnpl«i (Keilin, 
D.; HartVtc, E. F. Bloch^m. J, 1955, 6U 15>-I7!). In contrast, >95% 
formatio lof Ru,Mb(Fs**).(C!N-) ooCun at CN*) ^ 0.1 mM for [RujMb- 
(Fe'*))!- IOmM. 

(15) Epioxygeo reduolion by niOienlumClI) &m>t]Jne COmpfexca spparendy 
Involves ilonaaiion of superoxjwe anion as a reactive IntermbdiatB (atanbury* 
P. M.; ¥ aas, O.; Taube« H. l^g. Ch^th. l!)fiD, ; 9, 5 18-524). It would be 
highly SL rpri«ing it reduced E^UiMb with its multiple redox cofltaii did tm% 
cbooie a more feUdtous routjt to peroxide. Iztdeed, our observation that 
reduced . tu^Mb xraeti muob mare rapidly than SsRvL'"^ M^th dioxygBn jn- 
dtcates t] lat H does. 



$tnictQr« and Reactivity of Sterically Hindered Lithium 
Amides and Tbeir Diethyl Etheratas: Crystal at^ 
Molecular Strueittres of (Li(N(S]Me3)2}(OEt2)]2 and 

[Li(NCMe2CH2CH2CH2CMes)]4 

Michael F. Lappert/ Martin J. Slade, and Anirudh Singh 

School ofChemtstry and Moltcular Sciences 
University of Sussex. Brighton BNI 9QA Engiond 

Jerry L. Atwood«* Robin P. Rogers, and Riz Shakir 

Department qf Chemistry, The University of Alabama 
Unioersity, Alabama B54S6 
RecelvedMyl2,I982 

Bulky amides of the alkali metals are extensively employed as 
reagents to organic chemistry by virtue of the combination of their 
strong Brsnsted basicity and their low nuoleophilioity, especially 
with respect to electrophilic carbon centers;* lithium derivatives 
of secondary amines have a particularly pivotal role. An objeaive 
of the present conoraunication is to provide X>ray $tructUTal data 
for two of the key compounds, bi8(tTimethylsilyl)amido-^ and 
(2,2.6,6-tetraniethylpiperidinato]litbium in c^er to place the stejic 
arguments on a firm basis. A further purpose is to note that these 
compounds arc not only bases but also Lewis acids^^ and hence 
the choice of donor solvent may be significant.'' The fontnatjon 
of a lithium amide solvate ia expected to affect both the state of 
molecular aggregation of the amide^ * and its hydrocarbon solu- 
bility.^** These properties arc of considerable significance in 
maldng an appropriate choice of lithium ernide rcagcpt as an 
amldo transfer reagent for the synthesis of an amide of another 
metal. In our own work, we have a strong preference for a 
crystaiUne lithium amide monoctherate as reagent, because of 
the following features: (i) confidence with regard to reagent purity 
and coDceotration, (ii) availability of a nonpotar solvent as the 
reaction medium, and (iii) ease of manipulation. 

(1) Cf.: Lappert, M. F.; Power, P. P.; Sanger, A- R.: Srlvwuve, C- 
**Metal and Metalloid Amidtt": EUia HorwoodOohn Wiley: ChichefitBr, I960; 
pp 6«9-69l. 

(2) The X-ray structure of |Li[N(SiMej)2]|j has been determbied: Mocrt2, 
D.: Zianlusi A.; Bettcher, B. Angew. Chettt, Int. Ed. Engl. 1969, 8, 378. 
Rogers, D.; Atwood, J. L.; Grtlning, R. J. Organomet. Chtm. 1978, / 
229. 

(3) The forrDation of a 1:1 OEt] adduct of Li[N(S]Mc})2} has been noted: 
Wannsfiat, U.; NiederprOim. H. CAsm. Ber. 1961. 94, 1540. 

(4) We believe thai ror metal amides this has not previously been explicitly 
stated; although for lithiuos alMv (he i«le of different solvents such as OEt2, 
THF, TMEDA, or i>MP5TA (peatamethyldiclhyJenctriamine). upon their 
structure and raactivhy I9 begittoiog to be documented.' 

(5) Lappert, M. F.; Raston. C. L.; Skelten, B. W,; White. A. H, J, Chem, 
Soc., Chtm. CommtM. 1982. l4. 

(6) Variable-temperatura 'H and ^Ll NMK »pe<;tra of Li[N($iMe])3] in 
several donor solvanti were axanjlned and tbs rstults interpreted in terms of 
a manotner 0. dlmer equUlbrlum In solution.^ 

(7) Ktmura, B. Y,; Brown, T. L. /, Organonui. Chtm. i97h 36, 57. 

(8) We $tfgae«t that the lower the state of molecular aggregBtion* tbe 
greater the aokide roaciivlty aod selectivity; the extreme case would be for a 
mcnomerk solvated {Ithjutn emlde, and wq predim that for example Li[N- 
(SiM6s)il(PMDETA) will prove lo be a oiwomer in the cryjta) and will be 
ontstandingly reactive and selecUve as 1 prOtpn abstractor- A» circumstvmlal 
evidence we cite the monomerlc LI[CH(SiM6))-ci-M6CeH4](t'MD£tA)t^ 

(9) X*ray data: Uppert^ M. F.; Raston. C. L.; Skelton, B. W.; White, A. 
H., vnpvbliihed work, _ 

(10) We rtnd that although |LilN(SiMe3)2l)) aAd {Li(NCM^ 
(CH JjCMeilli have feme i-peotane wl wbility, Uiit is sig nificantly increased 

for lUlN(SiMe,)il(0Et2),), or {UtNCMc2(CH3)3CMea](OEli)L (the 
structure of this compound, and hence the value of n, is not yet known). Wa 
had prtvksutly rtpoftod'* tUx ILK0Ar)(0)5tp]j (Ar = C^r4-Mc^2.6-I-Bu,) 
is soluble In thCji^, whereai [L4(OAr)i« (or unknown structure) H in»oiub]e> 

(1 1) Cettakaya, E; OttmraiccO, l; Lappert, M. F.; Al^)»'ood, J. L.\ Shakir, 
R. X Am. Cfum, Soe. 1980, t02, 2086. 

(12) Our most recent papers On mttal Smidca uaing |U[N(SiMc}]i]- 
(OEt2)l2 concarttt |EiCI[NgfM^ and using [LiCN-f- 
Bua )(OEt2)];, Of {U [NCMe,(CHa)3CMai](Qgti))„ coDCDrns M(N-r-Buj)i or 

MlNCMe>j(CHi)jCMBj]i (M - Ge or 5n),'* 

(13) Uppert, M, F.; Singh, A.; Atwood, J. L.j Hanter* W. E. chetn. 
Sor., Chm, C^mmun. 1981. ll9l. 
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Ccrm luntcattons to th4 Editor 

[. Structural Co myaiiso ns of Thioe Cr/stalliiio Lithium AmWa^ 



Table 



LitNCM0j(CH5),C|Ma4] 
U[N(SlMc,),J(OElt,) 



thanC 



e aiN)« xmg confdimatlon In aU ewes is planar. ^ The foui LI atom$ and the foui N atoms we wch coplanai; the N atom* ftje less 
,01 A out of the piano, Reference 2; the H,N, ring is plaAaf to wltM) 0-01 A. ^ Ll-0, 1 .95 (2) Ai 0-Li-N, (4) ; U-O-C, 
(4)': C-O-C. 1X64 C«)% tiifitmal plBoai at both 0 and U. 
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empirical fotmijla 



debtee of 
motocuUr 
a^p^atlOA 
In crystal 



coordi- 
nation 
DO. ofU I.|-N^v,A 



Ll-N-U,deg N-Li-N^v»de5 SKN-Sl,deg &l-N^y,A 



tetramer,'' 2 
dimto.** I 



2.00 a) 

2.00 (2) 
2.Q6 (1) 



101.5 (3) 
52 (2) 
74.8 (8) 



168.5 (4) 
14? (3) 
105.2 (8) 



118.6 (9) 
121.9 (4) 



1,729 (4) 
1.705 (3) 




FtguM 1. Molecular itrudture of (Li[N(SLMe,)J(0Et9M». h with tb» 
atoms rqjzcsentfid by tlicirlSO% probability elllpsoddfl for thcfoul mOtioiL 
Tbe d imer resides about k cEystallograpbic 222 site: ' 00c 2-fdd axis 
costal !is tbe Utbtum aqd oxygen atoms* one tbe nitrogen atoms* and tbe 
third s perpendjiculM' to tjhe L1^9 pUne. 



cry&taJ and moJ^ular structure of LiIN(SiM6j)2](OEt^ 
illustrated in Fig\|rc 1.^' »hows the compound to be tht 
l;qs(tnm6tbylsUyl)^mido)dil]thii2m compound with terminal 
i etheratc molecules completins the thrco-cogxdinfltd lithium 
environment. As In lLi(OCtfH2'4-Me-2p6-/-Bu2(OEt2)]2," 
iht UtMum and etber oxygon atoms are trigonal planar, and 
L l-0Et2 bond lengths m comparable, 1.961 (11) A in the 
^de. Figure 1 al^ demonstrateB the lipophilic character 
1, a featiiro aUo evident for the ayyl oxide, 

aplaiMrosliit-i 



Tble 

a). 

blsOi- 
dieth^ 
atom 
both 
the 
aryl 
of oojnpound 



crystal and molecular structure of |Li[NCMe2(CH2}3]- 

(2), iUustrated ifa E^gure 2,^^ shows the compcHind to h&ve 
-oienibcrid (LiN)4 ring' with each pipcridine ring 



Lappcrt, M. P,: SXide, M. J.: Atwood, J. L.; Zaworotko. M. J. /. 
Soc.t Chem, Commitn. 621. 

Compountl t C2>>t^llizc> In tJbie tMrnaoaal space group F4n2, vath 
on&tants a ^ 9.790 i(3) A, C * 17^84 (5) A, ao4 i), - 0,92 a cm"^ 
dinAers tn the unit dall. Data were col)«ct«d <a th^ CAD-4 dufrno- 
ID tbe usual mann^ Holton, J.; Lappctft, M. P.; BaUard, D. O. H.; 
tL\ Atv'ODil, J. L; I^unter, W. B. /. Chem. Soc.^ Dalton Tram. 1979* 
"i^Vare^ Tvfhi^mcBt based on ^ Qbscrved lefloctlonB led to a final 
J0.05J (73 varied riaramcters). Hydrogeai atoms wore included with 
c MilflbutJons« aod all noik-hydrogen atcmi rb^od wiiJi uuiotrppic 
It I pvram^^. A 9Brid$ qf ^ sc&ni showed that an absorption eorrccdon 
uanecessary. 

I Compound 2 arfi\4^zB^ m the ntoAoclbilc space group Cl/Ct wlib 
constants q « 16.673 (6) A. 6 « 16,584 (6) JCt - isl93 (6) A. 0 
16 7d (4)"^, and f- i.qo g cm*^ for two tetramers in tbe unit cell. Data 
<|oIl<cted as for 1. Ldaet^auarcs reiineoieot based on 1369 observed 
ott9 led to P fJrtal R v4(ue of 0.044 (19& varied parameters). H/drogen 
were included with fixed contributions, and all ttoo-by^vogen atoms 
t iflned with anlsotropfc thermal parameiAr*. As wjtb I, no Bbwrption 
cenvp ion wr» oDeessaxy. 



(14) 

(151 
latHcft constants 
for 

tcoict^r 
PeBx< 
4j. 
R 

Axed 

lltDrmifl pv^me^, 
was 

lattice 
-1 

weie 

reflc<tiott9 
stoma 



l^cait^ 

?valuEcfO."C 




Figtire 2, Structure of tLi(l^CMe,CHjCH2CHiCMej4. 2. 
Tablfi IL Some Data for Bulky Uthibjm Amides'^ 





yield,*» 




compotind 


% 


nip,**C 


{UIN(SiMe53,](OEt,)}„ 1^ 


72 


105-107** 


^ — »^ 
{Li[N(CMei(CH,)sCMe,l}„ 2 


6B 


1Q5-Id6 dec 



** AnalytiCBUy unchaiacterizod crystalline lLi(N•^B«2)Jrt (76%) 
and (Li(Nf'»Pr'f-Bu)]m (74%) were obtained from the appropriate 
amine and an cqUimoUi portion of Li-n-Bu in w-C.H * This 
refers to isolated aystalhne matDrlal. ^ *H NMR (assignments; 
CgDJ 6 9.63 [SKCH,),K a.93 (CH,CH,), 6.45 (CM»CH,); "C 
NMR (ppm rotative to C^D, at 128.0 ppm» in CJ) J 6.05 
(CH,CH,). 63.51 (CH,CH,). Cf.' mp 95-lJO 



ISi(CH,),), 14.0 
^Cdec 



in chair conformation arranged in staggered relationship to one 
atlothcr so as to provide an inversion center. A two-coordinate 
lithium ettvtronment is not ujiique^ having already been establisbed 
for (LI[N(SiMo))2]b (3). which, however^ has a planar hc^onal 
(UK)} ring.^ This difference reflects the greater steric demand 
of the 2,2A6-djln)ethylpiperidinato Ugaod compared with N- 
(SlMoj)}. A Bimilar effect has been noted, inter alia in cyclic 
(XBNY)^ chemistry, wherein the six-membered planar boradDe 
(ii » 3) provides the norm, but gtcrically demanding ligands X 
aiid Y may result in cither a square-planar arrangement {n =• 2) 
or a crown-shaped tetramer (n ■ 4)." 

Some Bignificant structural parameters on compounds X^"^ are 
summarized in Table L Not unexpectedly the LihN bond length 
is longer when the !R(SiMe})^ ligand occupies a bridging (1) rather 
than a terminal (3) role. 

In one prqsarative experiment, 60 mL of 1.67 M (100 mmol) 
of M-butyUhhimn sdutlon in M-hexane was added dropwise during 

(17) Cf. ref 1. p 70. 
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ca. 2 1 to a cooled (0 X) and stirred solution of hcxamethyl- 
disiiaaane (20 mL, 95 oimol) in 100 mL of diethyl ether. After 
stirrin i at 20 for ca..2 h, the white cryfitals were filtered off, 
washe 1 with cooled n-h^ne, dried in vacuo, and recryetalli^ed 
from told 0£t3-n-C9l44 to a^ord the analytically pure, air- 
sensitive compound (1).; 

In I mother preparatl{)n^ M-butyllithium (37 mL of a 1 .6 M 
so]uti( n in /hC^Hu. 59.2 mmol) was added dropwise during ca. 
72 1) t ) a stirred solution'of 2,2«6,6-tetramethy1piperidine (10 mL, 
59.4 rimol) in ii-C5Hi2!(40 mL). The reaction mixture slowly 
becani i opalescent, and alfter stirring ovcoii^t, a white precipitate 
and p{ le yellow solutioD iwas obsetved. The mixture was filtered, 
aad Ike white solid was iwashed with cold (0 °C) n-pentane and 
pumpi id dry to give th«f very air-aensUive, slightly pyrophoric, 
crystal of analytically jpure compound (2). 

Act dowledgment We are grateful to SERC for the award of 
a stud sntship to M J.S« jand a fellowship to A.S. and to the Na« 
tional Science Foundation for partial support (to J.L.A.). 

BegStry No. f. 84040-^; 2. 84040-91*5. 

Sup picmantary Material AvalliU)le: Tables of bond distancca 
and ai gles, final fractional coordinates, thermal parameters, and 
oh$ened and calculated! structure factor amplitudes for 1 and 2 
(19 piges). Ordering i Information ia given on any current 
masth|:ad page. 
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Che misorption of cycloa]k;ene& on metal surfaces are followed 
deqydrogcnation proqcBses^ that often give chemisorbcd Cjfl„ 
e.g., cyclohexeile benzene^"^ and cyclooctadiane 
atetraqae.' Bcc$u«e the&e transformationa are facile, we 
ijeen exploring the! reactions of organosilancs with aingle- 
(uetal surfaces^ ai routes to oompounda in which there are 
1 wnds of multiple bond order. With platintun and nickel, 
observed either no dljbydrogenation or gross degradation of 
kane.^ Palladium, however, has furnished dehydroge- 
nationl syntheses of silaethylenea, aiUbenzene, and what appears 
to be |Uacyclobutadien4.^ 

Tct amethylsilanc oxf, ?d(UO) desorbed fully and intact at 
-^-50 ''C analogous to neopentane on Pd(llO), which quantiu- 
tively desorbcd with a Tom of ^^-60 'C, In sharp contrast, 
trimct lylsllane after adsbrption at -135 °C underwent two com- 
peting thermal processed; (1) reversible dworpiion with a max^ 
imum desorption rate at -20 *»Ci (ii) dehydrogenation to form 



mx 



M *C.; StBifl. J.;:Friend, C. M.i Mu«lt«Ai«», E. L /. Am. ChdM. 

( }at^. B. C4 Katzer, J, R.; Sohuitt, G. C. A. "Chemiftry of Catalytic 

McCww HIU: liJew yerfc, 1979; pp 222-247. 
{ ft) T$&i, M.-C; Prldtod, C. M.^ Mitetterties, B. L. /. Am. Chtm. Sm. 

4, 2539^2543. (b) t&ai* M.-C; Muetterties, B. L. J. Phys, Chem. 
™ . 5067. 

i let refcreixM ill tar 3 far the 9C[Uipro«rlt, tecbniqufl^, and nOcedures 
ultrahigh vacuum Experiments. Adsorption was generally effected 
C, and dooorptxin vtudipv were uMiaUy done with 25 °C b'' ho&tins 



" "iil, M.-C; J^riclld, C. M-t Jobnson, A. L.; MuMlWlloi, £. L.. Urt- 
jd daiB. 

' 1id corttfasUng behavtior of palladium with reapect la platinum might 
;id 10 a uniquely low Pd-Si bond energy.' 

ikuwjer»-M»iieii, A. V.; Pootert, R.; Mcliptyre, N. S.; Prowan, J. 
Faraday Soc. 197D, 46, 809-816. 



(CH3)jSi=CH2,'*' which desorbcd with majtimum rates at -40 
and +90 **C (the surface was essentially free of Si and C after 
the desorption experiment). The latter process was accompanied 
by Hj desorption, which also exhibited maxima at -40 and +90 
*C. Minor dimeriiation of the silaethylene also occurred; [- 
Si(CH3)2CH2-] J dcsorbed to give a broad peak at ^^40 ^C. An 
unexpected feature here was desorption of silaethylene because 
most alicenes and alkyncs irreversibly chemiaorb on clean tran- 
sition-metal surfaces. Consistent with the organosilanc surface 
chemistry, we have found that acetylene and ethylene chemisorb 
on PdCl 10) in a partially reversible fashion. 

Displacement of the silaethylene, (CH3)5Si— «CHi, from the 
Pd(l 10) surface was effected with PCCHj) j. On dosing the crystal 
face with P(CH3)j at +25 °C, there was Immediate displacement 
of the silaethylene, the dimcr, [-Si(CH))jCHa-]2, and tri- 
methylsilane. 

The silaethylene (CHj)2Si=CH2 wae aUo produced in the 
thermal deaorptton experiments with (CH^)3SiOSi(CH3)], 
(CHi)jSiNHSi(CH3)3. and (CH,),SiNj on Pd(l !0). All three 
also exhibited partially reversible chemisorption. In the azide 
system, an additional and major product was [^(CHj)3SiN> 
(CH,)-],. 

Silacydobutane dsplayed a oomplex Pd(l 10) surface chemistry. 
After adsorption at -13S ^'C, silanes 1^ were observed in the 

HaC— S.H2 HgC S.Ha HC— SiH 

II 11 II II H^SiritrCHz 

HgC CKg H?§i — Chz HC — CH ^ 

I 2 3 

thermal desorption with respective desorption maxima at ^^-65, 
+65, +50, and +70 ^C, respectively. Ethylene and hydrogen were 
observed with similar Ta,., of 60-80 "C. AU these species were 
observed in a chemical displacement reaction with PCCHj)}. 
Silacyclobutadiene is a new compound, and its characterization 
muat be considered tentative in that it is based solely on mass 
spectrometric data. The parent ion was less intense than the 
parent-mlnus-<9ne ion, as expected for a species with one Si-H 
bond. Ostensibly, silaethylene'^ was the precursor to the dimer 
2, Consistent with this presumption, the ratio of 4 to 2 increased 
when the healing rate was increased from 23 to 75 ^'C s"^ 

SiJacyclohexane. initially adsorbed on Pd(l 10) at -135 ^C, also 
underwent two competing surface reactions: reversible desorption 
(T'mtji -25 'C) and debydrogenation to give silabenzene,*^ 
SiC^He (two of 90 and 190 *C), and Hj (two T^oflS and 
190 *C). This chemistry parallels that of cyclohexene, which gave 
benzene with a r„« (CfiHg) of 220 *C and also of piperidinc. 
which gave pyridine with T^^ (NC5H5) of 115 and 155 *C.»^ 
Silabenzene was not displaced by P(CH3)j from the surface 
generated from silacyclohexane at temperatures of 25-70 *C. 

There are a number of remarkable features to this Pd(ilO) 
chemistry. One is the emisWe degree of reversible chemisorption 
of unsaturated hydrocarbons like acetylene, ethylene, and of course, 
silaethylene and silaben^cnC- Secondly, these results suggest a 
practical synthesis of silaethylenes, silacyclobutadicnes, Rj^d 51- 
labenzenes by palladium-catalyzed dehydrogenation of organo- 
silancs, an aspect now under study in our iaboratorles.^^'*^ Also, 

(8) tfciis cpjTjpgund was charactcfizcd only by its mass spectrum. The 
e9$anti»t ablonce of a pafent-minus-one ion Qlearly indioa^ed ib»t thi$ species 
contairtftd AO Sl-H bond. Thia silaethylene molecule has been pttpzttd by 
thftftnolyiid of teifamcthylsilaiie sxrd trvneibyliilttnc* The attcrnaiivc for- 
mulation of such species m tilyl$ttei U cfitically reviewed by Scbacfer.'' 

C9) U) Friti, 0,; Qrohft, J.; Kurnixitr, D. Adv. Inorg. RQdltKMm- I9d5. 
7, 364. {h) Davidaon, I. M. T.; Lamberty, C. A. /. Chvm, Soc. A 1977, 882. 
(c) Schaefer. H. P.. Ill Acc. Ch^m. ]i952> IS, 283-290. 

(10) Gentle, T. M.; Muetlertie*. E. )L., 10 be published. 

(11) Rcferejiw t6 ibo generation by thermal processes, mass spectrum, 
«nd trappiog tt sllaboninne are given in ref 12. 

<12) (a) Solouk, B.; Rosraus, P.; H.; Maiw, q. Anstw, Chem., Int. 
Ed, Engl. 1980, 19. 5). (b) Barton. T. J.J Burns, G. T. J. Am. Cham. Soc. 

1978, 5;i46, 

(13) Sirtce cowpoundfl with Si-C multiple bonds readily dimerize or po- 
lymerize, the uhrahigb vacuum reacttbn condltlens art Ideal for observation 
of ttUuh 4iompounds. However, this technique is impractical for ihe goneraiion 
of suffieient auandties for diemjad sr^pinng expcrimenu. >Vc plan to examine 
pd-cBulyTca Drga iioiail&rie dehydroaenation reactions under Aow oortdltioM 
by using very short owitsct time» and matrix or chemical trapping oondiiions. 
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Table I. Photochemical and Photophysical Dau for Cyanine Borates 












cyanine lifetime*'' ps; [0^]^ 




*ei» 


10'«8-» 


solvent 


PFr 


(C6F5)4B- 


(TRPPh)4B- 


(C,H„Ph)4B- 


(CeH„Ph)4B- 


(TRPPh)4r 


toluene 

benzene 

p-xylene 

tetralin 

/^cymene 


300; [0.048] 
250; [0.047] 
350; [0.066] 
435; [0.066] 


350; [0.05] 
340; [0.05] 
410; [0.06] 
580; [0.11] 
520; [0.11] 


490; [0.04] 
520; [0.05] 
400; [0.03] 
670; [0.04] 
520: [0.02] 


13;' [0.002] 
28;' [0.005] 
8.-* [0.001] 
6;' [0.001] 
13;' [0.003] 


7.1 
2.6 

13 

20 
7.S 


<0.20 
<0.20 
<0.25 
<0.15 
<0.20 




Standard 
salu and 526 
computed from the 



fluorescence yields and the assumption that the radiative and nonradiativc rates are the same as for the (QH3)4B" salt. ''Rate constant for electron 
transfer calculated from the ratio of fluorescence efficiencies of Cy*((QF3)4B-) and Cy+((CjH„Ph)4B-] and the li; 



described in ref 8. 'The solubility is too low for accurate measurement of the lifetime and fluorescence yield. 



lifetime of Cy*[(C«F5)4B-l as 



The decrease in fluorescence efficiency and lifetime for 
Cy+[(C6H„Ph)4B-] (borate £ox = 1.14 V vs SCE) compared with 
those for the perfluorophenyl borate is attributed to electron 
transfer from the borate to the excited cyanine in accord with 
observations in related systems.*^ '' Obviously, electron transfer 
in [(Cy^)**(TRPPh)4B'] is inhibited by the change in the sub- 
stituent on the phenyl groups of the borate from a cyclohexyl to 
a triptycenyl group. Since this change will have little effect on 
£ox of the borate, the inhibition of electron transfer must have 
a steric origin. 

The formation of the mono>cis isomer from irradiation of 
cyanine dyes is generally solvent dependent." We investigated 
the isomerization of the cyanine borates described in Chart I to 
probe the microscopic environment of the medium surrounding 
the cyanine dye. The absorption due to the mono-cis isomer 100 
ns after irradiation of the cyanine ion pair in benzene solution 
(532 nm, 25 ns, 20 mJ) is readily apparent when the anion is 
{(C6F5)4B*] or PF^". but is completely absent for the 
[(C6HnPh)4B"J and [(TRPPh)4B-] salts. Inhibition of isomer 
formation for the [(C6H])Pb)4B]' salt is easily explained since 
rapid electron transfer competes vnth bond rotation in the excited 
singlet state of this oompoimd. Surprisingly, both electron transfer 
and bond rotation are inhibited in [(Cy'*")»'(TRPPh)4B']. 

The structures of these salts shown in Figure 1 were computed 
using PCMODEL.'^ The calculations indicate that energy mini- 
mization requires striking a balance between the strong electro- 
static attraction of the oppositely charged ions and steric repulsion. 
For [Cy*(TRPPh)4B"]. movement of the phenyltriptyccnyl groups 
away from the symmetrical structure of the free ion opens a cavity 
that accommodates penetration by the cyanine cation. In this ion 
pair the central methylene chain and the heteroaryl groups of the 
cyanine are encased in the borate. For the smaller Cy*((C6F5)4B'l, 
the cyanine cation docs not penetrate the interior of the borate 
anion significantly. The chemical and physical properties of this 
salt are consistent with the contact ion pair structure depicted in 
Figure I . Further experiments are required to test the validity 
of these predictions, which provide, at least, a guide to selection 
of additional structures. 

When the cyanine is within the anion, as in [Cy*(TRPPh)4B"], 
it cannot rotate to form the mono-cis isomer without cooperative 
motions in the borate. For the smaller borates, cyanine bond 
rotation remains operational and the singlet lifetime shows a 
solvent dependence since formation of the mono-cis isomer requires 
movement of solvent molecules. The magnitude of Ar^i similarly 
is strongly dependent on the structural details of the penetrated 
ion pair since it is much smaller for [Cy*(TRPPh)4B*] than it 
is for [Cy*(C6HiiPh)4B']. Clearly, penetrated cyanine borate 



(15) The structures were calculated with the ktmodel 4.0 program 
available from Serena Software, Bloomington, IN. The cyanine dye and the 
borate were independently minimized and then minimized as the ion pair in 
a variety of geometries. In this process the cationic dye was positioned within 
the borate at a distance closer than the van der Waals contact. Minimization 
results in an ion-pair structure of lower energy than the free ions. A range 
of possible starting structures was examined, and the minimized structures 
shown in Figure 1 represent the lowest energy obtained. However, these 
structures reflect only steric and Coulombic interactions; they ignore effects 
of solvation and possible kinetic prohibition to their formation. 



ion pairs have unique, experimentally observable properties that 
depend on the structural details. 
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*Li and '^N NMR spectroscopy have played a prominent role 
in the characterization of solvation, aggregation, and mixed ag- 
gregation equilibria of lithium dialkylamides.'"* It has been 
suggested that a range of lithium amide cyclic oligomers can exist 
in hydrocarbon solutions, but that only cyclic dimers are observable 
in donor solvents.' Despite mounting indirect spectroscopic,^'^ 
kinetic,'' '^ and theoretical'-" evidence in support of this model, 
however, the high symmetry of the more synthetically important 
lithium dialkylamides has precluded a direct distinction of cyclic 
dimers (1) from other cyclic oligomers (e.g., trimer 2). We report 



/ 



U 



herein a simple NMR experiment in which indirectly detected 
homonuclear zero-quantum coherence'^ unambiguously differ- 
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Figure I. Pulse sequence used to measure ^Li-dctected ''N zero-quantum 
NMR spectra. Zero-quantum coherence was selected by cycling the 
third '*N pulse through four phases (0». 90». 180', 270») and adding 
the rcsuhing free induction decays. 
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Figure 2. *Li-dctecicd "N zero-quantum NMR spectra of (A) 0.15 M (*LiJ'NJLDA in THF at -90 'C, (B) 0.10 M (*U.'^NlLiTMP in 31 
THF/pcntanc at -J 1 5 ^C, and (C) 0.25 M [*U."NJUTMP in 3:1 benzene at 30 ^C. Spectra were recorded on a Broker AC 300 spectrometer operating 
at 44.17 MHz and 30.42 MHz for *Li and "N (respectively) with hardware modifications described previously.* Data were processed in the 
phase-sensitive mode. Digital resolution in/, prior to zero filling is 2.0 Hz. 1.0 Hz, and 2.4 Hz (respectively) for spectra A-C. 



entiates cyclic dimers from higher oligomers of lithium diiso- 
propylamide (LDA)^ ' and lithium 2,2,6,6-tetramethylpiperidide 
(LiTNfP).« 

[TTlTUi ^ ' 

^Wy2 (1) 

We employed the pulse sequence developed by MQller^^ and 
Bodenhausen and Ruben for heteronuclear shift correlations 
(Figure I). For the phases shown, homonuclear ''N two-spin 
coherence (a mixture of zero- and double-quantum coherence) 
is prepared from the two '^N spins neighboring a ^Li atom in a 
^Li-*^N doubly labeled lithium dialkylamide cyclic oligomer (eq 
1 ).*^ The precession of the zero-quantum coherence during ti 
is modulated by an effective scalar coupling to adjacent *Li nuclei. 
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The effective coupling constant (7,^) « deflned^^ as 

where is the change in quantum number for the nucleus, 
/!» involved in the coherence, and Jf^n^u is the scalar coupling 
constant" between the *Li nucleus and '^N„. A *Li spin coupled 
equally to '^N, and '^Nj docs not cause splitting of the zero- 
quantum line in the /, ('^N) dimension {J^f^ = 0). For *Li spins 
coupled to one '^N spin (but not both), /err = ^^sn-u- As a 
consequence, the multiplicity of the zero-quantum line reveals the 
number of *Li spins adjacent to (but not shared by) the '^N-'^N 
two-spin system. For a lithium amide dimer, all *Li spins coupled 
to spins involved in the two-spin coherence are coupled to both 
spins. The coupling pattern will be a singlet along the/, 
dimension of the two-dimensional spectrum and a I:-2:l triplet 
along the/2 dimension. In the case of higher cyclic oligomers, 
there exist two 'Li spins (L/in 3) that are coupled to one ^^N spin, 
but not both. The zero-quantum coherence will develop scalar 
coupling to the two nonshared 'Li spins, resulting in a 1:2:3:2:1 
pattern along the/i dimension and a 1:-2:1 pattern along the/2 
dimension. 

The results of the experiment as applied to ['Li,^^N]LDA^ and 
('Li.'^NJLiTlVfP' in tetrahydrofuran (THF) solutions are illus- 
trated in Figure 2 (A and B, respectively). The coupling patterns 
show that the aggregated forms are cyclic dimers rather than 
higher oligomers in both cases. The complementary outcome is 
illustrated by the spectrum of ['Li.'^NlLiTMP in benzene (Figure 
2C). The *Li triplet corresponding to the major'' cyclic oligomer 
shows a 1:2:3:2:1 splitting pattern along/, consistent with a higher 
oligomer rather than the dimer. 
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(18) Three-bond '^N-^Li scalar coupling has not been observed. 

(19) A minor (approximately 10%) oligomer of LiTMP in benzene is 
readily observable by standard one-dimensional *Li and ''N NMR spectros- 
copy, but is below the lowest contour of Figure 2C. 
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The E2 eliminations of 2~substituted butanes with a series of 
hindered lithium dialkylamide bases has been exmined. Excellent 
yields of butenes are obtained using 2-bromobutane and 2- 
iodobutane. Alkyl chlorides, acetates and tosylates give poor 
yields of olefin product. Elimination reactions show a rise, then 
a fall, in the l-butene/2-butene(s) product ratio as the amide bulk 
increases. Dehydrohalogenation of 2-bromobutane with lithiiun 
2,2,6,6^tetramethylpiperidide in the presence of one equivalent of 
12-crown-4 gives l-butene/2-butene(s) product ratio of 99:1. 



area in organic chemistry. Recent reviews^ have summarized the 
effects of 2'-alkyl groups, solvent and base in these elimination 
reactions. These factors determine what position the ^elimination 
takes in the variable E2 transition-state spectrum. Careful control 
of those variables can lead to a high degree of selectivity of 
Hoffman or Saytzeff product. 

It has been reported^ that a high degree of association 
between an anionic base and its countercation lead to increased 
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ition of hexaethylene glycol 



and particularly cleavage of 



Base promoted ^eliminations have been an intensively studied 
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basicity and enhanced proportions of Hofftean elimination product in 
bifflolecular eliminations. This hi^ detfree of association has been 
achieved via the preparation of hindered alkoxides^ and "self- 
solvating** bases. « The former has led us to investigate the 
synthesis^ and reactions^ of a series of hindered secondary amines 
and their corresponding lithium dialkylamides. Lithium 2,2,6,6- 
tetramethylpiperidide, readily prepared from 2,2t6,6-tetramethyl- 
piperidine (TMP), the most hindered commercially available 
secondary amine, has been shown to be a highly proton-select ive'^ 
and non-nucleophilic^ base. 

The E2 reaction of alkyl halides with lithium dialkylamides 
has not been well studied, and there are only a few references to 
synthetic or physical organic investigations of dialkylamide- 
initiated E2 reactions.*'® This study was initiated to investigate 
the regiochemical and stereochemical influence of dialkylanide 



CHaC&CHXGHa + RaNLi — — ' ^ 



CH2=CHCH2CH3 + cis"CHaCH=CHCHa + trans -ClfaCH^CHCHa 
12 3 



base-promoted dehydrohalogcnations <eq. 1). We wish to report that 
lithium 2,2,6,6-tctramethylpiperidide (LiTMP), in the presence of 
12-crown-4, gives exceptional selectivity in the dehydrohalogenation 
of 2-bramdbutane. 
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The dehydrohalogenation of 2-bromobutane and 2-iodobutane with 
lithium dialkylamides in THF solution proceed in good yields. 2- 
Butyl acetates and tosylates gave less than 20% yields after 10 
hours. Diethyl ether solvent is ineffective in promoting the 
reaction. The elimination reaction with a series of increasingly 
hindered lithium dialkylamides shows a rise and then a fall in the 
l-butene/2-butene(s) product ratio (Table 1). This is what would 
be expected for E2 reactions with increasingly hindered bases. The 
Hoffman product preference can be rationalized using a simple 
steric model, assuming an anti-elimination transition state. This 
model is similar to the one proposed^c for K2 reactions using 
aggregated alkoxide bases of small to moderate steric dimensions. 

The dehydrohalogenation of 2Hbromobutane was examined in the 
presence of 12-crown-4, hoping to reduce the aggregate state of the 
amide bases and observe what effect this would have on product 
distribution. The results, summarized on Table 2, show no 
significant effect except for LilMP which shows an increase in the 
l-butene/2-butene(s) ratio as well as the cis/ trans 2-butene 
ratio. 

Whether or not the amide bases are associated, a simple steric 
model appears adequate to explain the experimental results, at 
least for the low and moderately hindered amide bases. For the 
very bulky amide bases, the simple model fails. Decreasing rates 
of reaction as well as a decrease in selectivity suggest the most- 
hindered bases are too hindered to coordinate to the ^ethyl or 
methylene H atom of the alkyl halide. Space filling models show 
the nitrogen atom is effectively shielded by the alkyl sidechains, 
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burying the anionic center within the hydrocarbon folds of the 
molecule. The result of this shielding is to make the very 
hindered amide bases less kinetically basic. The effect of crown 
ethers on the product ratios obtained using lithium tetramethyl- 
piperidide is opposite that observed using potassium t*-butoxide* 
It has been proposed that crown ethers reduce the state of aggre- 
gation of alkoxide bases in alcohol, thus reducing the steric 
requiresBents of the associated base species and is reflected by a 
decrease in the proportion of Hoffman product. An increase in the 
Hoffman product ratio when crown ethers are added to the moderately 
hindered LiTMP may reflect a higher kinetic basicity of the 
dissociated base. We are currently studying the mechanistic 
aspects of this reaction. 

EXPKBBgWTAL 

General Procedure for the Dehydrohalogenation of 2-Halobutane3. 

A lOml round-bottcMB flask fitted with a septum inlet, magnetic 
stirrer, and gas inlet tube was connected to a mercury bubbler and 
flame-dried under argon. The flask is charged with 1.88ml 1.6M 
solution of n-butyl lithium in hexane (3 mnol). If a lithium 
dialkylamide of bulk equal to or greater than 4 is to be used, 
0.45ml TMEDA (3 mmol) is added. The addition of TMKDA is otherwise 
optional. The flask is cooled to QoC with an ice bath. The 
appropriate secondary amine (3 mmol) is added dropwise via syringe. 
The ice bath is removed and the reaction mixture stirred 10 
minutes. Metallation of bis ( 1, l--diethyl-2-propyl-) amine requires a 
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reaction time of 20 hours. The flask is placed in a warm water 
bath (40-50OC) and the hexane solvent removed under high vacuum. 
The flask was then cooled to O^C and 3ml of THF added to the flask. 
If 12-crown-4 is to be added to the reaction mixture, the dissolved 
lithium amide is cooled to -IBPC; otherwise, the reaction mixture 
is maintained at Addition of 12-crown-4 is accomplished by 

adding 1.5ml of a 2. CM solution of crown ether in THF via syringe 
within 30 seconds. Care should be taken not to add crown ether to 
the reaction mixture at O^C as this accelerates the metallation of 
THF. Pure 12-crown-4 will not dissolve in THF at -78^0 even after 
2 hours. The reaction mixture is stirred for one additional minute 
and 2-halobutane (3 mmol) and pentane (3 mmol) are added rapidly 
via syringe. Reaction mixtures containing crown ether are stirred 
at -78<>C for 30 minutes, then warmed to O^C for 2 hours. Reaction 
mixtures without crown ether are stirred at OPC for 1 hour. 
Aliquots (10|i) were removed from the reaction flask and analyzed 
by gas chromatography using a Varian 920 gas chromatogrc^h equipped 
with a 40* X 1/8** aluminum column packed with 80/100 mesh 
Chromasorb W with 2QX SE-30. Pentane was used as internal 
standard. Quenching the reaction mixtures with water resulted in 
viscous gels which were difficult to sample. Results obtained fr<»n 
quenched and unquenched reaction mixtures were identical. 
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